Asynchronous bimodal stimulation during prenatal development elicits higher levels of behavioral and physiological arousal in precocial avian embryos than does unimodal sensory stimulation. To investigate whether the increased arousal associated with prenatal bimodal stimulation has enduring effects into postnatal development, bobwhite quail (Colinus virginianus) embryos received no supplemental stimulation, unimodal auditory stimulation, or bimodal (audiovisual) stimulation prior to hatching. Embryos exposed to concurrent bimodal stimulation demonstrated greater levels of behavioral activity and failed to use maternal visual cues to successfully direct species-specific perceptual preferences following hatching. These results provide initial evidence that asynchronous bimodal sensory stimulation during prenatal development can have enduring effects on early postnatal behavioral arousal and perceptual responsiveness and suggest that developmental limitations on prenatal sensory stimulation play an important role in the emergence of species-typical behavior.
A number of studies using animal embryos and infants have demonstrated that the type, amount, and timing of perinatal sensory stimulation can influence early perceptual learning and development (see Lickliter, 2000 , for a review). Whether prenatal sensory experience leads to facilitation or interference of early perceptual development appears to depend upon a number of factors related to quantitative and qualitative aspects of the stimulation provided, as well as on the developmental stage of the organism at the time of stimulation (Honeycutt & Lickliter, 2003; Lickliter, 1993; Radell & Gottlieb, 1992) . This multidetermined nature of early perceptual development is consistent with a wealth of evidence from comparative and developmental psychology indicating that the various and varied changes, improvements, and reorganizations in an organism's behavior over the course of development are the result of dynamic processes both internal and external to the organism.
For example, it appears that substantially increasing or decreasing the amount of sensory stimulation available to the developing embryo can lead to interference with early perceptual development. Sleigh and Lickliter (1995) exposed bobwhite quail embryos to 40 min/hr of patterned visual stimulation during the 24-hr period prior to hatching. Unlike the facilitative effects of 10 min/hr of visual stimulation reported in an earlier study of bobwhite quail (Lickliter, 1990) , chicks in this study failed to use maternal visual cues in directing their perceptual preferences in the days following hatching. This finding suggests that substantially increasing the overall amount of prenatal sensory stimulation available to the embryo can interfere with aspects of species-typical perceptual development (see Carlsen & Lickliter, 1999 , for a parallel example using prenatal vestibular stimulation).
Substantially decreasing the amount of prenatal sensory stimulation available to the developing embryo can also lead to interference with early perceptual development. Gottlieb (1993) investigated the effects of attenuated prenatal tactile stimulation on prenatal auditory learning in mallard duckling embryos. Ducklings deprived of the tactile stimulation normally provided by broodmates through isolated incubation were unable to demonstrate learning of a maternal call they had been exposed to as embryos. Ducklings incubated in normal conditions allowing tactile and vestibular stimulation from broodmates were able to demonstrate prenatal learning of the maternal call. Lickliter and Lewkowicz (1995) likewise found that physically isolated incubation interfered with prenatal learning of a maternal call in bobwhite quail embryos. It is interesting to note that embryos incubated in isolation that were also exposed to 10 min/hr of patterned visual stimulation (a flashing light) concurrently with exposure to the maternal call were able to demonstrate perceptual learning. This suggests that the overall arousal level associated with prenatal sensory experience may play a role in its subsequent effects on prenatal perceptual learning and postnatal filial behavior. In this case, attenuated tactile stimulation may have led to levels of arousal that fell below some optimal range, while the augmented visual stimulation served to restore arousal to the level typically found in the prenatal environment of the bobwhite embryo. From this perspective, the species-typical prenatal environment provides the developing organism with an optimal level and timing of sensory stimulation, thereby fostering an effective level of arousal and attention necessary for early perceptual learning and development (see Lickliter, 2000; Radell & Gottlieb, 1992 , for further discussion). As a result, significantly altering the amount or type of prenatal sensory stimulation should affect subsequent speciestypical perceptual development and organization.
To explore this scenario, Gottlieb, Tomlinson, and Radell (1989) exposed mallard duck embryos to an individual mallard maternal call concurrently with patterned visual stimulation. Embryos exposed to this concurrent (but nonsynchronous) stimulation regime showed no preference for the familiar maternal call versus an unfamiliar maternal call in postnatal testing. In contrast, another group that had been exposed to nonconcurrent (alternating) presentations of an individual maternal call and patterned light did display a preference for the familiar call during postnatal testing. Studies using bobwhite quail have yielded parallel findings, supporting the proposal that concurrent bimodal stimulation somehow serves to disrupt prenatal perceptual learning (Honeycutt & Lickliter, 2001a; Lickliter & Hellewell, 1992) . Radell and Gottlieb (1992) also showed that concurrent but asynchronous stimulation of an earlier developing system (vestibular) and a later developing sensory system (auditory) can likewise interfere with normal patterns of early perceptual learning. Thus, the specific sensory modalities involved in bimodal stimulation do not appear to be as influential as the overall influence of simultaneous exposure to two sources of sensory information. The combination of multiple sources of information during late prenatal development provided by bimodal stimulation likely results in an increase in overall arousal level that exceeds an optimal range necessary to support early perceptual learning and development. Of course, under normal conditions the sequestered prenatal environment of the egg (or in the case of mammals, the uterus) typically serves to limit or buffer the developing embryo's exposure to amounts or types of sensory stimulation that could prove detrimental or disruptive to normal development. Reynolds and Lickliter (2002) recently explored the effects of various types of prenatal sensory stimulation on behavioral and physiological arousal in bobwhite quail embryos. Embryos' activities were videotaped, and their heart rate was measured before, during, and after brief exposure to (a) no supplemental sensory stimulation; (b) unimodal auditory stimulation, in the form of an individual bobwhite maternal call; (c) unimodal visual stimulation, in the form of patterned light; (d) concurrent intramodal stimulation (two different bobwhite maternal calls); or (e) concurrent bimodal stimulation (asynchronous exposure to patterned light and an individual maternal call). Concurrent bimodal stimulation was found to elicit significantly higher levels of behavioral and physiological arousal when compared with other exposure conditions. Embryos exposed to bimodal stimulation showed significant increases in behavioral activity levels during stimulus exposure, as well as significantly greater changes from baseline heart rate during stimulus exposure periods in comparison to all other exposure groups and controls. Subjects exposed to unimodal auditory stimulation did not exhibit a significant change in heart rate during stimulus exposure. These results are consistent with previous behavioral findings demonstrating that precocial avian embryos successfully learn an individual maternal call under unimodal exposure conditions but not under asynchronous bimodal conditions (Honeycutt & Lickliter, 2001a; Lickliter & Hellewell, 1992; Radell & Gottlieb, 1992) .
A subsequent study explored the effects of more prolonged exposure to prenatal sensory stimulation on heart rate in bobwhite quail embryos (Reynolds & Lickliter, 2003) . Embryos were exposed to 10 min/hr of (a) concurrent nonsynchronized audiovisual stimulation, in the form of patterned light and an individual bobwhite maternal call; (b) concurrent, synchronized (redundant) audiovisual stimulation, in the form of patterned light and a maternal call; (c) unimodal auditory stimulation, in the form of an individual maternal call; or (d) no supplemental stimulation over the course of 6 hr during the day prior to hatching. Following this exposure period, embryos' heart rate was measured before and during an additional 4 min reexposure session. Embryos in the concurrent (nonsynchronized) bimodal group again had significantly higher baseline heart rate than did subjects in all other stimulation groups following initial exposure and displayed significantly greater changes from baseline during the stimulus reexposure period. It is interesting to note that embryos exposed to redundant bimodal stimulation resembled controls and unimodal exposure subjects on both baseline and change from baseline measures of heart rate. Thus, 60 cumulative minutes of concurrent but nonredundant bimodal stimulation resulted in embryos displaying significantly elevated baseline heart rate in the absence of stimulus exposure and a significant increase in heart rate during reexposure to the bimodal stimulation. This result suggests an enduring effect of intermittent prenatal bimodal sensory stimulation on the physiological state of the young organism. Under normal incubation conditions, the egg shell and inner shell membrane and the regular presence of the broody hen on the nest would minimize embryos' opportunity for exposure to concurrent auditory and visual stimulation.
The purpose of the present study was to begin to investigate the possible links between (a) modified prenatal sensory stimulation, (b) the resulting increased physiological arousal of embryos following modified sensory stimulation, and (c) the possible effects of increased prenatal arousal on chicks' subsequent postnatal behavior. The authors predicted that the high levels of arousal known to be associated with concurrent but asynchronous bimodal sensory stimulation during the prenatal period would lead to observable differences in the quail chicks' responsiveness on several postnatal behavioral measures when compared with chicks exposed to unimodal auditory stimulation (a common prenatal experience, as the maternal hen is known to occasionally vocalize on the nest) or no supplemental stimulation during the period prior to hatching.
General Method

Subjects
Incubator-reared bobwhite quail (Colinus virginianus) served as subjects. Fertile, unincubated eggs were obtained weekly from a commercial supplier and set in a Petersime Model I incubator (Zutte, Belgium). The incubator was maintained at 37.5°C and 80 -85% relative humidity. After 21 days of incubation, the eggs were transferred to a hatching tray in the bottom of the incubator. To control for the possible effects of developmental age, we used only birds that hatched on the 23rd day of incubation. Subjects for each group were drawn from at least three batches (weeks) of eggs to control for between-batch variation. The only sounds embryos were exposed to during incubation were their own vocalizations and those of their siblings after they moved into the air space of the egg during late incubation, as well as the low-frequency background noise emitted from the incubator fan and motor. After hatching, chicks were reared in groups of 10 -12 to approximate natural brood conditions. The subjects were reared in a sound-attenuated room, illuminated by a 110-W brooder lamp. Ambient air temperature was maintained at 30°C, and both food and water were available throughout the duration of the experiments, except during testing.
Procedure
The bobwhite quail embryo's bill normally penetrates the air space at the large end of the egg on the 21st day of incubation (approximately 24 -36 hr prior to hatching). The penetration of the shell eventually results in a visible indentation (or "pip") on the outer shell of the egg. At this time the embryo begins to respire and vocalize (Freeman & Vince, 1974) . Eggs showing a pip during the first half of Day 21 were placed in a portable Hovi-bator incubator (GQF Manufacturing, Savannah, GA) located in a darkened room. The incubator was outfitted with a Plexiglas top, allowing for observation and stimulation of the embryos within.
Prenatal Sensory Stimulation
The auditory stimulus used for prenatal stimulation was a recording of a bobwhite hen incidental call. This call was recorded in the field, and its acoustical properties are described by Heaton, Miller, and Goodwin (1978) . The recording of the call was broadcast to embryos through a Sony compact disk player connected to a portable speaker located on top of the portable incubator. The sound level of the hen's call was maintained at a maximum peak intensity of 65 dB (A scale, fast response), as measured by a Bruel & Kjaer 2232 sound level meter (B&K Instruments, Marlborough, MA). The visual stimulus used during prenatal stimulation was a temporally patterned 15-W strobe light, pulsed at 1 cycle per second. The strobe light (Realistic Model 42-3009-A, Fort Worth, TX) was located immediately above the Plexiglas top of the portable incubator (approximately 4 cm). The bimodal stimulation thus consisted of the concurrent but asynchronous presentation of the maternal call and patterned light. Embryos were exposed to (a) concurrent auditory-visual stimulation, (b) unimodal auditory stimulation, or (c) no supplemental stimulation. All embryos (with the exception of the controls) were exposed to 10 min/hr of stimulation for 6 hr during the last day prior to hatching. Temperature and humidity were monitored to ensure that the presence of the light did not affect the ambient air temperature or humidity of the incubator.
Manipulation Check
Following exposure to the 6 hr of prenatal sensory stimulation, heart rate was measured in a sample of 8 subjects from each of the three stimulation groups to assess their physiological arousal following prenatal stimulus exposure. This measure was designed to replicate an earlier study (Reynolds & Lickliter, 2003) , which found that embryos exposed to 10 min/hr of concurrent bimodal prenatal stimulation for 6 hr (60 min of total stimulation) displayed significantly higher baseline heart rate than did embryos exposed to unimodal auditory prenatal stimulation or no supplemental stimulation. To gain access to the embryos for heart rate recording, a portion of the shell and inner shell membrane over the air space of the egg was removed. This process of removing the eggshell and inner shell membrane does not affect incubation, survival, or species-typical perceptual responsiveness (Banker & Lickliter, 1993; Lickliter, 1990) . Following the egg-opening procedure, subjects were individually placed in a portable incubator for heart rate measurement. Heart rate was recorded using two Biopac 18 gauge unipolar needle electrodes inserted subcutaneously. One electrode was implanted ventrally just below the embryo's right wing, and the other electrode was implanted dorsally at the nape of the neck. This procedure is similar to that used in previous experiments with rat fetuses (Richardson, Hayne, & Campbell, 1992; Ronca & Alberts, 1990) , with slight modifications to accommodate the embryo's position in the shell. The R-spikes were amplified using a Biopac MP100 amplifier and converted to beats per minute (bpm) through the use of AcqKnowledge software. Thirty minutes following the final 10-min stimulus exposure period, heart rate was measured for a 1-min period to obtain a baseline measure following the prolonged augmented prenatal sensory stimulation. Baseline heart rate was defined as the average of the subject's mean bpm during the first and last 10 s of recording during the 1 min trial.
The results of this manipulation check were significant, F(2, 21) ϭ 3.88, p Ͻ .05. The concurrent bimodal exposure group (M ϭ 281.40, SD ϭ 22.01) demonstrated significantly higher baseline heart rate than did controls (M ϭ 261.42, SD ϭ 6.42) following stimulus exposure ( p Ͻ .05), whereas the unimodal auditory group (M ϭ 263.37, SD ϭ 14.96) did not differ significantly from the bimodal or control groups. This result supports the view that ongoing intermittent exposure to concurrent bimodal stimulation increases quail embryos' physiological arousal (as indexed by mean heart rate) in the period prior to hatching (see Reynolds & Lickliter, 2003 Previous studies have shown that prenatal sensory stimulation can have immediate as well as enduring effects on behavioral arousal and heart rate in bobwhite quail embryos (Reynolds & Lickliter, 2002 Sleigh & Lickliter, 1997) . For example, quail embryos exhibit significantly elevated behavioral activity and heart rate during exposure to concurrent but nonsynchronous bimodal stimulation. In addition, embryos exposed to bimodal stimulation for 10 min/hr for 6 hr during the period prior to hatching exhibited significantly higher baseline heart rate when compared with embryos exposed to unimodal stimulation or no supplemental stimulation. These findings suggest that exposure to concurrent bimodal stimulation can lead to a sustained increase in physiological arousal in bobwhite quail embryos.
However, whether the persistent increase in arousal associated with prenatal exposure to concurrent bimodal stimulation extends into the period after hatching or influences postnatal behavior remains unexamined. It is plausible that an increase in prenatal behavioral and physiological arousal could have enduring effects upon the young organism's subsequent behavioral organization. The purpose of this experiment was to assess behavioral arousal (as measured by activity in the open field) in bobwhite quail chicks that were exposed to modified prenatal sensory stimulation. Subjects were exposed to one of three prenatal sensory stimulation conditions (concurrent audiovisual, auditory only, or no supplemental stimulation) and their activity in the open field was assessed following hatching. On the basis of our previous results of elevated levels of prenatal behavioral and physiological arousal (Reynolds & Lickliter, 2002 , we predicted that subjects receiving concurrent bimodal exposure prior to hatching would display significantly higher levels of behavioral activity than would subjects in the unimodal exposure group or the control group.
Method
Twenty-four chicks from each experimental group were tested in groups of four at 24 hr following hatching. During testing, chicks were placed in a plastic tub (45 cm long ϫ 25 cm wide ϫ 15 cm high) identical to their rearing tub, with the exception that this tub had a grid pattern of black string overlaid on the top of the tub. This pattern divided the tub into 6 equal rectangular areas measuring 15 ϫ 25 cm. The testing trial lasted 2 min and was videotaped with the use of a Panasonic WV-3230 color video camera positioned directly above the tub, allowing for later scoring of open-field behavior.
Data Analysis
Two behavioral measures were scored, (a) grid crossing, defined as total number of times an individual subject crossed under the string separating each grid, and (b) huddle duration, defined as total time spent by all 4 subjects within the same grid space. Grid crossing was used as a measure of behavioral activity level, and huddle duration was used as a measure of social responsiveness. Although these two measures were related, their relationship was not an inverse one, in that it was possible for a subject to freeze in a grid other than the grid(s) occupied by the other 3 subjects. Huddling is a common posthatch behavior in which chicks crowd together, thereby maintaining physical contact with several broodmates. Thus, it involves more than simple inhibition of open-field activity. A Fischer Scientific digital counter was used to score grid crossings. To assist in differentiating between each subject during the scoring procedure, we placed different colored dot stickers on each subject's head. The videotaped trials were scored by two independent raters. Pearson product correlations of ϭ .94 for the grid crossing measure and ϭ .92 for the huddle duration measure indicated significant interrater reliability. Group differences in grid crossings and huddle duration were analyzed with one-way analyses of variance (ANOVAs). Subgroup comparisons were made with Tukey's honestly significant difference post hoc test as has been suggested for studies with equal cell sizes (Jaccard, Becker, & Wood, 1984) . Significance levels for all analyses were set at p Ͻ .05.
Results and Discussion
The results from the analysis of frequency of grid crossings and huddle duration by group are shown in Table 1 . The one-way ANOVA on grid crossings was significant, F(2, 69) ϭ 13.78, p Ͻ .01. A Tukey's honestly significant difference post hoc comparison indicated that the concurrent bimodal group exhibited significantly greater numbers of grid crossings than did both the control group ( p Ͻ .01) and the unimodal auditory group ( p Ͻ .05; see Table 1 ). Table 1 also illustrates the results from the measure of huddle duration. Again, the one-way ANOVA indicated significant differences between groups, F(2, 15) ϭ 3.97, p Ͻ .05, with the concurrent bimodal group spending significantly less time huddling when compared with the control group.
These results are consistent with the findings from Reynolds and Lickliter (2002) indicating increased prenatal behavioral activity and heart rate during exposure to concurrent prenatal bimodal stimulation and with the findings of Reynolds and Lickliter (2003) indicating increased prenatal physiological arousal following extended exposure to concurrent bimodal stimulation. The present findings are the first to indicate that concurrent bimodal stimulation during the prenatal period can have sustained effects on the postnatal behavioral organization of hatchlings. Chicks exposed to concurrent bimodal stimulation as embryos displayed significantly greater activity levels in the open field in the period following hatching than did those exposed to unimodal auditory or no supplemental stimulation as embryos. In addition to affecting overall behavioral activity level, prenatal bimodal stimulation also appeared to affect social responsiveness in hatchlings. In particular, chicks exposed to concurrent bimodal stimulation during the prenatal period spent significantly less time huddling with broodmates during testing than unmanipulated control chicks (but not when compared with chicks exposed to unimodal auditory exposure).
The possible significance of these changes in postnatal behavior following prenatal sensory stimulation remains unclear. However, previous studies have consistently shown that quail embryos exposed to modified types or amounts of prenatal sensory stimulation show altered patterns of perceptual responsiveness in the period following hatching (reviewed in Lickliter, 1995 Lickliter, , 2000 . In this light, the next experiment assessed perceptual responsiveness to maternal auditory and visual information in chicks exposed to concurrent prenatal bimodal stimulation versus chicks exposed to unimodal auditory stimulation or no supplemental stimulation in the period prior to hatching. As in the present experiment, we were interested in whether augmented concurrent bimodal stimulation during the late stages of incubation would interfere with normal or species-typical responsiveness in the days following hatching.
Experiment 2: Effects of Modified Prenatal Sensory Stimulation on Postnatal Responsiveness to Multimodal Maternal Cues
Previous studies have documented a species-typical pattern of postnatal sensory dominance in bobwhite quail chicks (Lickliter, 1994; Lickliter & Virkar, 1989) . In the days immediately following hatching, quail chicks typically rely on maternal auditory cues to direct their social preferences. By 72 hr of postnatal age, however, bobwhite quail chicks have been shown to require combined auditory and visual maternal cues to direct their social preferences (Lickliter & Virkar, 1989; Sleigh, Columbus, & Lickliter, 1998) . It is interesting to note that this developmental transition does not appear to depend on prior visual experience with an adult bobwhite hen. In a rather nonobvious manner, social interaction with siblings appears to play a key role in the transition from reliance on maternal auditory cues to a reliance on multimodal (audiovisual) maternal cues in the days following hatching Honeycutt & Lickliter, 2001b; McBride & Lickliter, 1993) . For example, chicks denied the opportunity to interact with conspecific bobwhite chicks fail to rely on audiovisual maternal cues at 72 hr following hatching, in contrast to chicks allowed such opportunity for social interaction (McBride & Lickliter, 1993) .
Given that the successful use of multimodal maternal cues in directing filial preferences appears to be dependent, at least in part, on social interaction with siblings (see also Honeycutt & Lickliter, 2001b) , then the changes in postnatal activity levels and social responsiveness reported in Experiment 1 could potentially influence the emergence or maintenance of multimodal maternal re- sponsiveness in quail hatchlings. The purpose of this experiment was to assess this possibility.
Method
Seventy-two embryos were divided into the same three experimental groups used in Experiment 1 (asynchronous audiovisual stimulation, unimodal auditory stimulation, or no supplemental stimulation) and received the same prenatal stimulation regimes as did subjects in Experiment 1. Chicks were not exposed to any supplemental postnatal stimulation (other than that normally provided by group rearing with their broodmates) prior to testing at 72 hr following hatching. Testing was conducted in a test apparatus described in detail in previous studies (Banker & Lickliter, 1993; Lickliter & Virkar, 1989) . In brief, each chick was tested in a circular arena, 160 cm in diameter, surrounded by a wall 24 cm in height that was lined with foam to attenuate echoes and covered by an opaque black curtain to shield the observer from the subject's view. The floor of the arena was painted flat black. Two rectangular approach areas (32 ϫ 15 cm) located on opposite sides of the arena were marked by green stripes painted on the floor. Each approach area represented less than 5% of the total area of the arena. Midrange dome-radiator speakers were hidden behind the curtain in each of the two approach areas, and each of these speakers received input from a Tascam Model 122-B cassette tape recorder located at a control table. The experimenter sat at this table and observed the subject's activities by means of a large mirror positioned above the testing arena. A system of handheld stopwatches was used to record the latency and duration of response, as described below.
Testing involved the presentation of a taxidermically prepared bobwhite hen located in one approach area in the testing arena and a taxidermically prepared scaled quail hen placed in the opposing approach area. The positions of the two hen models were alternated across subjects to control for possible side bias. In addition, identical bobwhite maternal assembly calls (Call B; see Heaton et al., 1978) were broadcast from speakers hidden behind each approach area. It is important to note that this call differed from that used for prenatal exposure and thus was unfamiliar to chicks in the testing situation. Previous research has shown that bobwhite quail do not approach static hen models in the absence of auditory stimuli (Lickliter & Virkar, 1989) . Because the two maternal calls used during testing were identical, the only differences between testing stimuli available to direct the chicks' preferences were the visual features of the bobwhite and scaled quail hens. In other words, subjects were forced to direct their social preference on the basis of the visual cues provided by the bobwhite and scaled quail hen models.
Each subject was tested only once. Subjects were scored on both the latency of approach and the duration of time spent in each of the two approach areas. Latency was defined as the amount of time (in seconds) that elapsed from the onset of the trial until the subject entered an approach area. Duration was defined as the cumulative amount of time (in seconds) the subject remained in an approach area during the 5-min trial. A chick that did not enter either approach area during a test trial received a score of 300 s for latency (i.e., the length of the trial) and 0 s for duration and was considered a "nonresponder." When, over the course of the 5-min trial, a chick stayed in one approach area for more than twice the time it spent in the opposing approach area, a preference for that stimulus was recorded. Some chicks entered both approach areas during a test trial without showing a preference for either one. This behavior was scored as "no preference" in the tables showing test results.
Data Analyses
The data of interest in Experiment 2 were differences in (a) the latency of approach; (b) the duration of time spent in each approach area; (c) the number of subjects showing an individual preference, which was assigned to any subject that stayed in one approach area for more than twice as long as the other; and (d) the frequency of approaches to the two hens during the testing trial. Within-subjects differences in latency and duration of approach were evaluated using the Wilcoxon matched-pairs signed-rank test. Differences in the number of individual preferences per group were evaluated by the chi-square test. Between-groups differences on latency, duration, and frequency of approach were analyzed with the Kruskall-Wallis test. Significance levels of p Ͻ .05 (two-tailed) were used to evaluate results.
Results and Discussion
The results of Experiment 2 are shown in Tables 2 and 3 . No significant within-subjects differences in latency to approach the bobwhite hen or scaled hen were found for the control group (z ϭ Ϫ1.05, p ϭ .30), unimodal auditory group (z ϭ Ϫ.71, p ϭ .48), or the concurrent bimodal group (z ϭ Ϫ.23, p ϭ .82). Similarly, no significant within-subjects differences were found for duration of proximity to the bobwhite or scaled hens for the control group (z ϭ Ϫ1.59, p ϭ .11), unimodal auditory group (z ϭ Ϫ1.40, p ϭ .16), or the concurrent bimodal group (z ϭ Ϫ.52, p ϭ .61). None of the experimental groups showed a significant preference for either of the hens at 72 hr following hatching (see Table 2 ).
Although no significant within-groups differences were found on the latency and duration scores, significant differences were found between groups on the latency and duration scores for the scaled hen. A Kruskall-Wallis test on latency to approach the scaled hen approach area was significant, 2 (2, N ϭ 72) ϭ 8.43, p Ͻ .05, with the bimodal exposure group (M ϭ 28.19) showing shorter latencies to approach the scaled hen than the unimodal auditory group (M ϭ 35.85) and the control group (M ϭ 45.48). Additionally, a Kruskall-Wallis test on duration of time spent in the scaled hen approach area indicated significant between-group differences, 2 (2, N ϭ 72) ϭ 6.52, p Ͻ .05, with the bimodal exposure group (M ϭ 45.19) spending more time in the scaled hen approach area than did the unimodal auditory exposure group (M ϭ 33.42) and the control group (M ϭ 30.90, see Table 3 ). In contrast, the prenatal unimodal auditory exposure group and control group displayed more individual preferences for the bobwhite hen model than did the scaled-hen model (see Table 2 ). The distribution of preference scores approached (but did not reach) significance for the unimodal auditory and control groups, with both of these groups demonstrating at least twice as many individual preferences for the bobwhite hen model than the scaled hen model. The bimodal exposure group did not show this trend.
Of particular interest is the finding that the Kruskall-Wallis analysis of variance on frequency of approach revealed significant 
General Discussion
The present study investigated whether modified prenatal sensory stimulation could have enduring effects upon the postnatal behavioral activity and perceptual responsiveness of bobwhite quail chicks. Experiment 1 examined the effects of modified prenatal sensory stimulation on chicks' postnatal behavioral and social activity. As we predicted, chicks intermittently exposed to concurrent bimodal stimulation as embryos demonstrated greater behavioral activity levels in both an open-field test (Experiment 1) and a perceptual discrimination test (Experiment 2) than did those exposed to unimodal auditory stimulation or no supplemental stimulation as embryos. Additionally, chicks from the bimodal exposure group huddled with siblings significantly less than control chicks during behavioral testing. These findings are the first to demonstrate that concurrent prenatal bimodal stimulation can have enduring effects on the postnatal activity levels and social activity of bobwhite quail.
Experiment 2 investigated the effects of prenatal sensory stimulation on chicks' responsiveness to species-specific multimodal maternal cues in the days following hatching. Chicks exposed to concurrent bimodal stimulation as embryos did not demonstrate a filial preference for a bobwhite hen model paired with a bobwhite maternal call over a scaled hen model/call pairing at 72 hr following hatching. Chicks exposed to unimodal stimulation or no supplemental prenatal stimulation also did not show a significant preference for the bobwhite hen model but did show a trend for such a filial preference, with at least twice as many chicks preferring the bobwhite hen over the scaled hen in both groups. By our definition, demonstration of a preference required chicks to display duration scores twice as large for one hen over the other. Although no groups showed a significant preference for the bobwhite hen model over the scaled hen model, significant differences in latency and duration scores were found between groups. It is interesting to note that the bimodal exposure group demonstrated shorter latencies to approach and spent greater durations of time in the scaled hen approach area than did the unimodal auditory and control groups. This bimodal group also displayed significantly more entries into both approach areas during testing than did the unimodal or control group, indicating increased activity levels at 72 hr following hatching. The comparatively greater duration of time spent in the scaled hen approach area demonstrated by the bimodal group indicates that this group's shorter latencies to approach the scaled hen area were likely not solely a product of their overall increased activity level during testing. Gray (1990) found that responsiveness (as measured by rates of peeping) to pure tones was significantly reduced in neonatal chickens during periods of high activity. Similarly, research on human infants indicates that arousal level can significantly influence perceptual preferences during early development, with less aroused neonates preferring higher frequency visual-temporal stimuli and more aroused neonates preferring lower frequency visual-temporal stimuli (Gardner & Karmel, 1984 , 1995 Gardner, Karmel, & Magnano, 1992) . Given the tight interconnection between arousal and selective attention in early development (Gardner & Karmel, 1995; Richards & Casey, 1991) , it seems likely that the increased levels of postnatal behavioral activity observed following prenatal bimodal stimulation contributed to the chicks' apparent lack of species-specific visual preferences in the days following hatching.
In any case, the results from the present study taken together with previous findings (Reynolds & Lickliter, 2003) indicate that prenatal exposure to moderate amounts of concurrent audiovisual stimulation can have immediate effects on the young organism as well as more sustained effects that endure into the postnatal period. Thus, changes in prenatal arousal levels appear meaningfully related to observable behavioral changes in the postnatal period. How long these effects persist remains unknown, but evidence from Experiment 2 suggests that chicks' activity levels remain elevated for at least 3 days following hatching. Such changes in postnatal activity levels likely influence a variety of attentional, perceptual, and cognitive abilities and could lead to as yet undetermined influences on physiological and behavioral development in the days and weeks following hatching.
In the more general sense, the present results add to the growing body of evidence indicating that limitations on sensory input during prenatal development plays an important role in subsequent perceptual and behavioral organization (see Lickliter, 1995 Lickliter, , 2000 Turkewitz & Kenny, 1982) . All avian and mammalian embryos or fetuses develop within the buffered and relatively less variable stimulative system of the egg or uterus. This constrained developmental context provides limitations on the amount and type of sensory input that serves to minimize the concurrent presentation of multiple sources of information to the developing embryo or fetus. As a result, the ongoing demands placed on the embryo's arousal and attentional systems are effectively attenuated during sensitive stages of prenatal development. This condition provides a reliable range and structure to prenatal sensory experience; the present results indicate that modifying the amount and type of normally occurring prenatal sensory input can lead to observable alterations in postnatal behavioral and perceptual responsiveness. 
